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(54) Method for producing silicate phosphor 

(57) The object of the present invention is to provide 
a production method for a silicate phosphor having high 
brightness, This object is achieved by the method for 
producing a silicate phosphor comprising a step of cal- 



cining a mixture of metal compounds, wherein one of 
the metal compounds is a silicon oxide having a BET 
specific surface area of not less than 1 0 m 2 /g. 
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Description 

[0001] The present invention relates to a method for 
producing a silicate phosphor, and specifically relates to 
a method for producing a silicate phosphor suitable for 
a vacuum ultraviolet excitation light emitting element 
such as a plasma display panel (PDP) and a rare gas 
lamp. 

[0002] Silicate phosphor is used for e.g. a fluorescent, 
a cathode-ray tube, a luminous body and a vacuum ul- 
traviolet excitation light emitting element. 
Specifically, for a vacuum ultraviolet excitation light 
emitting element such as PDP, an improvement of the 
brightness of the element has been highly desired, and 
therefore, an improvement of the brightness of the sili- 
cate phosphor has been required. 
[0003] A silicate phosphor is conventionally produced 
by calcining a mixture of metal compounds, and silicon 
oxide is used as a metal compound for a source of sili- 
con. One of the examples of the method for producing 
a silicate phosphor is described in JP No. 09-31 6444A. 
According to this method, a silicate phosphor for elec- 
tron beam excitation represented by a composition for- 
mula of Y 1 84 Tb 0 14 Si0 5 is produced by mixing yttrium 
oxide, terbium oxide and silicon oxide and calcining the 
obtained mixture at 1580°Cfor 4 hours under reductive 
atmosphere, wherein the particle diameter of the used 
silicon oxide calculated from specific surface area is 0.5 
u,m (5.5 m 2 /g as converted to specific surface area). 
However, a production method for a silicate phosphor 
having higher brightness has been still required. 
[0004] The object ofthe present invention istoprovide 
a method for producing a silicate phosphor having high 
brightness and the silicate phosphor produced by the 
method. 

[0005] This object could be achieved on the basis of 
the finding that a silicate phosphor having higher bright- 
ness can be produced by using a silicon oxide having a 
BET specific surface area of not less than 10 m 2 /g. 
[0006] The present invention provides a method for 
producing a silicate phosphor comprising a step of cal- 
cining a mixture of metal compounds, wherein one of 
the metal compounds is silicon oxide having a BET spe- 
cific surface area of not less than 1 0 m 2 /g. The present 
invention also provides the above-mentioned method 
wherein the mixture of metal compounds is a mixture of 
a silicon compound and compound(s) of one or more 
metal(s) selected from Ca, Sr, Ba, Mg, Eu, Mn and Zn. 
The present invention further provides the above-men- 
tioned methods wherein the silicate phosphor compris- 
es a compound represented by the general formula 
mM 1 0-nM 2 0-2Si0 2 (wherein M 1 is one or more ele- 
ments selected from 

[0007] Ca, Sr and Ba, M 2 is one or more elements se- 
lected from Mg and Zn, m is from 0.5 to 3.5, and n is 
from 0.5 to 2.5), and one or more selected from Eu and 
Mn as an activating agent. The present invention addi- 
tionally provides a silicate phosphor obtainable by any 



2 

of the above-mentioned methods, containing not less 
than 80% by weight particles having a primary particle 
diameter of not more than 5 um 
[0008] The method for producing a silicate phosphor 

s of the present invention is a method comprising a step 
of calcining a mixture of metal compounds which is ca- 
pable to produce a silicate phosphor by calcining, 
wherein one of metal compounds is silicon oxide having 
a BET specific surface area of not less than 10 m 2 /g. 

10 When the BET specific surface area of the silicon oxide 
is less than 10 m 2 /g, a silicate phosphor having high 
brightness may not be obtained. The BET specific sur- 
face area is preferably not less than 1 00 m 2 /g, and more 
preferably not less than 200 m 2 /g. 

15 [0009] While the upper limit of the BET specific sur- 
face area is not particularly restricted and usually the 
BET specific surface area is preferably not more than 
400 m 2 /g, when a spherical silicon oxide is used, the 
upper limit of the BET specific surface area is preferably 

20 not more than 50 m 2 /g, more preferably not more than 
30 m 2 /g. In the present invention, above spherical sili- 
con oxide means that the ratio of the longest diameter 
of a particle of a silicon oxide to its shortest diameter 
(longest diameter/shortest diameter) is preferably not 

25 more than 1 .5, and more preferably not more than 1 .3. 
When a particle of silicon oxide is completely spherical, 
the ratio of the longest diameter to the shortest diameter 
is 1 . Longest diameter and shortest diameter of a parti- 
cle of silicon oxide is determined with a photograph of 

30 the phosphor particle by electron micrograph. 

[0010] Although the reason why the silicate phosphor 
having high brightness is obtained by using the silicon 
oxide having a BET specific surface area of not less than 
10 m 2 /g is not clear, the cause of deterioration of the 

35 emission brightness is supposed that the metal ele- 
ments constituting the phosphor, especially activation 
agent(s), may not be uniform. When particle of silicon 
oxide having a BET specific surface area of not less than 
1 0m 2 /g is used, it results in making the composition dis- 

40 tribution of metal elements in the silicate phosphor uni- 
form. 

[0011] The metal compounds used in the present in- 
vention also include a compound of a metal element 
used as an activating agent. 

45 [0012] For example, when preparing CaMgSi 2 0 6 :Eu, 
which is a blue phosphor, a compound of Ca. Ba, Mg 
and Eu which is capable to produce CaMgSi 2 0 6 :Eu by 
calcining and silicon oxide having a BET specific surface 
area of not less than 10 m 2 /g is used as raw materials, 

so and other compound of Si than silicon oxide may be fur- 
ther added. 

[0013] The method of the present invention is prefer- 
ably applied when the mixture of the metal compounds 
is the mixture of compounds of one or more metal ele- 
55 ments selected from Ca, Sr, Ba, Mg, Eu, Mn and Zn, 
and a silicon compound. The method of the present in- 
vention is more prefereably applied to the production of 
a silicate phosphor comprising a compound represent- 
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ed by the general formula mM 1 0-nM 2 0-2Si0 2 (wherein 
M 1 is one or more elements selected from Ca, Sr and 
Ba, M 2 is one or more elements selected from Mg and 
Zn ; m is from 0.5 to 3.5, and n is from 0.5 to 2.5), and 
one or more elements selected from Eu and Mn as an 
activating agent. When m is less than 0.5 or more than 
3.5, or n is less than 0.5 or more than 2.5, a silicate phos- 
phor having high luminescence may not be obtained. 
[001 4] In the method of the present invention, the met- 
al compounds, besides silicon oxide, used for one of the 
mixture of the metal compounds include compounds 
which are decomposed and converted to oxides at high 
temperature, such as hydroxides, carbonates, nitrates, 
halogenates and oxalates 

of metal elements constituting the silicate phos- 
phor, or oxide of the metal elements. These metal com- 
pounds may be obtained by the conventional technique. 
[0015] In the method of the present invention, the mix- 
ture of the metal compounds can be obtained by mixing 
each of the metal compounds by a mixing method which 
is industrially used in general. Either of dry or wet mixing 
method may be applied. A mixing apparatus forthe dry 
mixing method may be an apparatus such as a ball mill, 
a V-mixer or a stirrer. The wet mixing may be carried out 
by adding water or an organic solvent and using a ball 
mill or a stirrer. 

[0016] When wet mixing is carried out, the obtained 
mixture is directly dried or after separating solid from 
liquid by a method such as filtration or centrifugation. 
[0017] The drying temperature is preferably in the 
range of 20 to 300°C, and more preferably 90 to 200°C. 
When the mixture is directly dried, the method of drying 
include evaporation and spray drying in which drying is 
carried out while granulating, 

[0018] In the production method of the present inven- 
tion, the temperature as the maximum achievable tem- 
perature for calcining the mixture of the metal com- 
pounds is preferably in the range of from 1000°C to 
1400°C. During calcining, the time for maintaining the 
temperature in the range of from 1000°C to 1400°C is 
preferably from 0.5 to 50 hours. When the mixture of the 
metal compounds contains compounds which are de- 
composed and converted to oxides at high temperature, 
such as hydroxides, carbonates, nitrates, halogenates 
and oxalates of metal elements, the mixture may be sub- 
jected to pre-calcination at the temperature range of 
600°C to 900°C prior to calcining. In the step of clacin- 
ing, for example, the raw materials may be filled in an 
alumina boat and calcined under atmosphere of desired 
gas composition and at the prescribed temperature. 
Furthermore, a flux such as boron oxide and aluminium 
fluoride 

is optionally added to the raw materials in order to 
promote calcination, thereby a silicate phosphor having 
higher crystallinity and higher brightness may be ob- 
tained. 

[0019] For example, when the raw materials of the 
metal compounds are weighed, mixed and calcined so 



as to obtain a phosphor compound represented by the 
composition formula of CaMgSi 2 0 6 :Eu, which is a blue 
phosphor, the mixture of the raw materials of the metal 
compounds can be calcined once or more in reductive 

s atmosphere, at the temperature range of 1000°C to 
1400°C and for 0.5 to 40 hours. The method of calcining 
under reductive atmosphere includes a method of cal- 
cining under a mixed atmosphere of nitrogen and hydro- 
gen, or a mixed atmosphere of rare gas and hydrogen. 

10 These atmospheres may include water vapor. The mix- 
ture can be calcined again under reductive atmosphere 
atthetemperature range of 1000°Cto 1400°C, after cal- 
cined under an atmosphere of air at the temperature 
range of 1000°Cto 1400°C. 

is [0020] The phosphor obtained by the above-men- 
tioned method may be crushed by using a ball mill or a 
jet mill 

or may be washed e.g. with water. The phosphor 
may be classified. Re-calcining may be carried out in 

20 order to improve the crystallinity of the obtained phos- 
phor. The aggregation state of the primary particle of the 
silicate phosphor obtained by the method of the present 
invention is weaker than that of the phosphor obtained 
by known methods, thereby the post-treatment such as 

25 crushing may be omitted. 

[0021] The silicate phosphor obtained by the method 
of the present invention contains not less than 80% by 
weight particles having primary particle diameter of not 
more than 5 urn, and the primary particle diameter is 

30 sometimes smaller than that of the silicate phosphor ob- 
tained by the known methods. Since the primary particle 
diameter of the phosphor is effectively reduced, the 
phosphor produced by the method of the present inven- 
tion can be applied effectively over the inner surface of 

35 a micro-discharge space of a display cell of a PDP, and 
the production of emission-type display such as PDP 
having high emission brightness can be produced. Fur- 
thermore, it is likely due to the uniform composition dis- 
tribution of metal elements in the phosphor, that the sil- 

40 icate phosphor obtained by the method of the present 
invention has high color purity. 
[0022] As the silicate phosphor obtained by the meth- 
od of the present invention has high brightness under 
vacuum ultraviolet excitation, it is preferable for a vac- 

15 uum ultraviolet excitation light emitting element such as 
PDP and rare gas lamps. Furthermore, the silicate phos- 
phor obtained by the method of the present invention 
shows excellent emission properties not only under vac- 
uum ultraviolet excitation, but also under ultraviolet, 

so cathod ray or X-ray excitation. 

Examples 

[0023] Hereinafter the present invention is explained 
55 in detail by referring to Examples and the present inven- 
tion is not limited to the Examples. 
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Example 1 

[0024] Using silicon oxide (Si0 2 ) having a BET spe- 
cific surface area of 210 m 2 /g (manufactured by Wako 
Pure Chemical Industries, Ltd., catalog No. 1 92-09071 ), 
raw materials of calcium carbonate (CaC0 3 , manufac- 
tured by Wako Pure Chemical Industries, Ltd.), stron- 
tium carbonate (SrC0 3 , manufactured by Wako Pure 
Chemical Industries, Ltd.), europium oxide (Eu 2 0 3 , 
manufactured by Shin-Etsu Chemical Co., Ltd.), basic 
magnesium carbonate ((MgC0 3 ) 4 Mg(OH) 2 -5H 2 0, 
(manufactured by Wako Pure Chemical Industries, Ltd.) 
and above Si0 2 were mixed so that the mole ratio of 
CaC0 3 :SrC0 3 :Eu 2 0 3 : (MgC0 3 ) 4 Mg(OH) 2 -5H 2 0:Si0 2 
was 0.855:0.095:0.025:0.2:2, and the resulted mixture 
was calcined under Ar atmosphere containing 2% by 
volume H 2; at 1200°C for 2 hours. A phosphor com- 
pound represented by the composition formula 
Ca 0855 Sr 0 095 Eu 0 05 MgSi 2 O 6 was thus obtained. The 
primary particle diameter of the obtained phosphor was 
not more than 1 .5 j_im, by measuring with a photograph 
of the phosphor particle by scanning electron micro- 
scope. This phosphor was irradiated by ultraviolet using 
exima 146 nm lamp (manufactured by Ushio Inc., H0012 
type) in a vacuum vessel of 6.7 Pa (5x1 0" 2 torr), and the 
brightness after color compensation was 1 8 cd/m 2 . The 
color of emission was visually recognized to be blue 
having high color purity. 

Example 2 

[0025] Using silicon oxide (Si0 2 ) having a BET spe- 
cific surface area of 51 m 2 /g (manufactured by NIPPON 
Aerosil Co. Ltd., grade No. 50), raw materials of calcium 
carbonate (CaC0 3 , manufactured by Wako Pure Chem- 
ical Industries, Ltd.), strontium carbonate (SrC0 3 , man- 
ufactured by Wako Pure Chemical Industries, Ltd.), 
europium oxide (Eu 2 0 3 , manufactured by Shin-Etsu 
Chemical Co., Ltd.), basic magnesium carbonate 
((MgC0 3 ) 4 Mg(OH) 2 -5H 2 0, (manufactured by Wako 
Pure Chemical Industries, Ltd.) and above Si0 2 were 
mixed so that the mole ratio of CaC0 3 :SrC0 3 :Eu 2 0 3 : 
(MgC0 3 ) 4 Mg(OH) 2 -5H 2 0:Si0 2 was 0.855:0.095:0.025: 
0.2:2, and the resulted mixture was calcined under Ar 
atmosphere containing 2% by volume H 2 , at 1200°Cfor 
2 hours. A phosphor compound represented by the 
composition formula Ca 0 855 Sr 0 ogsEug 05 MgSi 2 O 6 was 
thus obtained. The primary particle diameter of the ob- 
tained phosphor was not more than 2 u,m, by measuring 
with a photograph of the phosphor particle by scanning 
electron microscope. This phosphor was irradiated by 
ultraviolet using exima 146 nm lamp (manufactured by 
Ushio Inc., H0012 type) in a vacuum vessel of 6.7 Pa 
(5x10- 2 torr), and the brightness after color compensa- 
tion was 17 cd/m 2 . The color of emission was visually 
recognized to be blue having high color purity. 



Example 3 

[0026] Using a spherical silicon oxide having an aver- 
age particle diameter of 0.3 ^m, a BET specific surface 

s area of 15.5 m 2 /g and the ratio of long diameter/short 
diameter of 1 .0 (Si0 2 , manufactured by Admatechs Co., 
Ltd.), raw materials of calcium carbonate (CaC0 3 , man- 
ufactured by Wako Pure Chemical Industries, Ltd.), 
strontium carbonate (SrC0 3 , manufactured by Wako 

10 Pure Chemical Industries, Ltd.), europium oxide 
(Eu 2 0 3 , manufactured by Shin-Etsu Chemical Co., 
Ltd.), basic magnesium carbonate ((MgC0 3 ) 4 Mg 
(OH) 2 -5H 2 0, manufactured by Wako Pure Chemical In- 
dustries, Ltd.) and Si0 2 were mixed so that the mole 

15 ratio of CaC0 3 : SrC0 3 : Eu 2 0 3 : (MgC0 3 ) 4 Mg 
(OH) 2 -5H 2 0: Si0 2 was 0.855: 0.095: 0.025: 0.2: 2, and 
the mixture was calcined under Ar atmosphere contain- 
ing 2% by volume H 2 , at 1200°Cfor2 hours. A phosphor 
compound represented by the composition formula 

20 Ca 0 855 Sr 0095 Eu 005 MgSi 2 O 6 was thus obtained. The 
primary particle diameter of the obtained phosphor was 
not more than 5 urn, by measuring with a photograph of 
the phosphor particles by scanning electron micro- 
scope. This phosphor was irradiated by ultraviolet using 

25 exima 1 46 nm lamp (manufactured by Ushio Inc., H001 2 
type) in a vacuum vessel of 6.7 Pa (5x1 0" 2 torr), and the 
brightness after color compensation was 1 3 cd/m 2 . 

Comparative Example 1 

30 

[0027] A phosphor was prepared in a similar manner 
to that of Example 1 except that silicon oxide (Si0 2 ) hav- 
ing B ET specific su rface area of 0 . 1 m 2 /g (manuf actu red 
by Wako Pure Chemical Industries, Ltd., catalog No. 

35 1 99-00625) was used. The brightness after color com- 
pensation which was measured in a similar manner to 
that of Example 1 , was 9 cd/m 2 . The color of emission 
was visually recognized to be greenish and deviated 
from pure blue. 

40 [0028] The present invention can provide a silicate 
phosphor having high brightness. This silicate phosphor 
has high brightness under vacuum ultraviolet excitation 
and therefore is a preferable phosphor for a vacuum ul- 
traviolet excitation light emission element such as a 

45 plasma display panel (PDP), a rare gas lamp and the 
like. The production method of the present invention is 
industrially useful in extreme. 



so Claims 

1. A method for producing a silicate phosphor com- 
prising a step of calcining a mixture of metal com- 
pounds, wherein one of the metal compounds is a 

55 silicon oxide having a BET specific surface area of 
not less than 10 m 2 /g. 

2. The method according to claim 1 , wherein the mix- 



4 



7 



EP 1 321 500 A2 



ture of metal compounds is a mixture of a silicon 
compound and compounds of one or more metal 
selected from 

Ca ; Sr ; Ba, Mg, Eu, Mn and Zn. 

5 

3. The method according to claim 1 or 2, wherein the 
silicate phosphor comprises a compound repre- 
sented by the general formula mM 1 0-nM 2 0-2Si0 2 
(wherein M 1 is one or more elements selected from 
Ca, Sr and Ba, M 2 is one or more elements selected 10 
from 

Mg and Zn. m is from 0.5 to 3.5, and n is from 
0.5 to 2.5), and one or more selected from 
Eu and Mn as an activating agent. 



4. The method according to any one of claims 1 to 3, 
wherein the BET specific surface area is not more 
than 400 m 2 /g. 

5. The method according to any one of claims 1 to 4, 20 
wherein the BET specific surface area is not less 
than 100 m 2 /g. 

6. The method according to claim 1 , wherein the sili- 
con oxide is spherical silicon oxide. 25 

7. The method according to claim 6, wherein the sili- 
con oxide has a BET specific surface area of not 
more than 50 m 2 /g. 

30 

8. The method according to claim 6, wherein the ratio 
of the longest diameter to the shortest diameter of 
the spherical silicon oxide is from 1 to 1 .5. 

9. The method according to claim 8, wherein the ratio 35 
of the longest diameter to the shortest diameter of 

the spherical silicon oxide is from 1 to 1 .3. 



10. A silicate phosphor containing not less than 80% by 
weight of particles having a primary particle diame- 
ter of not more than 5 u.m obtainable by the method 
comprising a step of calcining a mixture of metal 
compounds, wherein one of the metal compounds 
is a silicon oxide having a BET specific surface area 
of not less than 10 m 2 /g. 



55 



5 



